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Purpose: Analyses of risk factors associated with surgical site infections (SSIs) af-
ter laparoscopic appendectomy (LA) have been limited. Especially, the association 
of an underweight body mass index (BMI) with SSIs has not been clearly defined. 
This study aimed to identify the impact of underweight BMI in predicting SSIs af-
ter LA. Materials and Methods: The records of a total of 101 consecutive pa-
tients aged ≥16 years who underwent LA by a single surgeon between March 2011 
and December 2012 were retrieved from a prospectively collected database. The 
rate of SSIs was compared among the underweight, normal and overweight and 
obese groups. Also, univariate and multivariate analyses were performed to identi-
fy the factors associated with SSIs. Results: The overall rate of SSIs was 12.8%. 
The superficial incisional SSI rate was highest in the underweight group (44.4% in 
the underweight group, 11.0% in the normal group, and 0% in the overweight and 
obese group, p=0.006). In univariate analysis, open conversion and being under-
weight were determined to be risk factors for SSIs. Underweight BMI was also 
found to be a significant predictor for SSIs in multivariate analysis (odds ratio, 
10.0; 95% confidence interval, 2.0‒49.5; p=0.005). Conclusion: This study dem-
onstrated underweight BMI as being associated with SSIs after LA. Surgeons 
should be more cautious to prevent SSIs in patients that are underweight when 
performing LA.
Key Words:   Appendicitis, laparoscopic appendectomy, surgical site infection, 
body mass index, morbidity
INTRODUCTION
Surgical site infections (SSIs) are defined as infections occurring within 30 days 
after a surgical operation, or within one year if an implant is left in place after the 
procedure, and affecting either the incision or deep tissue at the operation site.1 
SSIs are the third most frequently reported nosocomial infections, accounting for 
14‒16% of such infections among hospitalized patients and 38% of such infec-
tions among surgical patients.1,2 SSIs are associated with a prolonged length of 
hospital stay and higher costs.3 
Acute appendicitis is a common cause of emergency operations,4 for which lap-
aroscopic appendectomy (LA) is being increasingly applied.5 LA provides several 
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lower abdomen and suprapubic area) was performed for all 
enrolled patients. The open method was routinely used for 
trocar insertion into the supraumbilical incision. 
The mesoappendiceal tissue was dissected with monopo-
lar electrocautery. The appendiceal artery was ligated with 
endo-clips. The appendix was ligated with three Endoloop 
ligatures and transected by endoscopic scissors between the 
2nd and 3rd loop ligatures from the base of the cecum. The 
double-ligated appendiceal stump was cauterized and the 
transected appendix was retrieved from the peritoneal cavi-
ty using a Lap-bag through the supraumbilical incision. Af-
ter transection and placing the appendix in the Lap-bag, ir-
rigation and/or Jackson-Pratt drain insertion was performed 
in cases of suspected intraperitoneal contamination. The ab-
dominal fascia layer at the supraumbilical incision was su-
tured using absorbable suture material. All three incisions 
were closed using skin staples. In the case of open conver-
sion, a McBurney skin incision on the right lower abdomen 
or a paramedian skin incision were used for open appen-
dectomy.
Defining body mass index 
BMI was categorized according to the World Health Orga-
nization (WHO) definition: for adults over 20 years old, a 
BMI below 18.5 was underweight, 18.5‒24.9 was normal 
weight, 25.0‒29.9 was overweight, and above 30 was 
obese. In the case of 16‒19 year olds, we used the BMI-for-
age (5‒19 years) cut-offs defined by the WHO: a BMI be-
low -2 standard deviations (SD) was thin, between -2SD 
and +1SD was normal, over +1SD was overweight, and 
over +2SD was obesity.13,14 In this study, the thin, normal, 
overweight, and obesity groups used for 16‒19 year olds 
were merged with the underweight, normal, overweight, 
and obese groups, respectively, in the analysis. 
Measurement of perioperative outcomes
Postoperative complications were defined as any complica-
tions occurring in the 30 days after the day of surgery. All 
patients discharged from the hospital were followed up di-
rectly by the operator at the outpatient department. In addi-
tion, postoperative complications were also assessed by the 
operator during outpatient visit during the follow up period. 
Complications were diagnosed and categorized by the 
patients’ symptoms and signs. Superficial incisional SSI 
was defined according to the Centers for Disease Control 
and Prevention (CDC) criteria as follows: infection occur-
ring within 30 days postoperatively and involving only skin 
advantages, including less postoperative pain, early recov-
ery, reduced morbidity, and shortened hospital stay in com-
parison to open appendectomy.6-9 Although it has been re-
ported that LA reduces the rate of SSIs,7 the incidence of 
SSIs after LA ranged from 5.1‒12.4% in recent well-de-
signed randomized trials.10,11 
To the best of our knowledge, analyses of the risk factors 
associated with SSIs after LA are limited. Additionally, al-
though obesity is a well known risk factor for SSIs,12 the 
impact of being underweight as a risk factor of SSIs had 
been sparsely investigated. 
Accordingly, the aim of this study was to identify the im-
pact of underweight body mass index (BMI) in predicting 
SSIs after laparoscopic appendectomy.
MATERIALS AND METHODS
Patients
Between March 2011 and December 2012, a total of 101 
consecutive patients aged ≥16 years underwent laparoscopic 
appendectomy (LA) by a single surgeon. Patients that un-
derwent open appendectomy performed during the same pe-
riod were not included in this study. However, laparoscopic 
cases that were converted to an open procedure were not ex-
cluded from the intention-to-treat analysis. Patients’ demo-
graphics, postoperative morbidity, pathologic outcomes, and 
parameters regarding immediate postoperative recovery 
were prospectively collected in our database. Informed con-
sent was obtained from all patients before surgery.
Surgical procedure
Acute appendicitis was suspected on the basis of clinical 
signs (abdominal pain, rebound tenderness in the right lower 
quadrant) and laboratory test results [elevated white blood 
cell (WBC) count and serum C-reactive protein levels]. Di-
agnoses were confirmed by a contrast-enhanced abdomino-
pelvic computed tomography scan or abdominal ultraso-
nography when needed. 
All patients received second-generation cephalosporin in-
travenously at the induction of anesthesia. In preparation 
for the operation, the abdomen and suprapubic region were 
shaved. The umbilicus was cleaned thoroughly with a cot-
ton swab using betadine. The abdomen was disinfected 
with betadine scrub (povidone-iodine) solution. A conven-
tional three-port laparoscopic approach (using a 12-mm 
umbilical port with two additional 5-mm ports in the left 
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BMI were associated with SSIs (Table 2). These two factors 
were also found to be significant predictors for SSIs in mul-
tivariate analysis [open conversion-odds ratio (OR), 8.5; 
95% confidence interval (CI), 1.2‒57.8; p=0.027, BMI-oth-
ers vs. underweight: OR, 10.0; 95% CI, 2.0‒49.5; p=0.005] 
(Table 3).
DISCUSSION
The results of this study demonstrate that an underweight 
BMI is a risk factor for SSIs after laparoscopic appendecto-
my. 
In patients with acute appendicitis, the incidence of SSIs 
has been reported to be 2.8‒11.5% with laparoscopic ap-
pendectomy and 4.6‒9.7% with open procedures.16-19 The 
incidence of SSIs in our study was 12.8%, which was high-
er than that in other reports. Retrospective studies with mul-
tiple surgeons might have had difficulties in including post 
discharge data precisely, which may lead to the underesti-
mation of the incidence of SSIs. In our study, all patients 
were operated on and followed up in an outpatient depart-
ment by a single surgeon (J. K.). Since the patients returned 
to the hospital voluntarily for their discomfort, even after 
cessation of follow-up, all SSIs could be detected and re-
corded precisely in the prospectively maintained database. 
Interestingly, the rate of SSIs in our study was very similar 
to that of the laparoscopic arm (12.4%) of a recent random-
ized-controlled trial conducted in Korea.10 In contrast, the 
rate of organ/space SSIs (0.9%) in our study was relatively 
lower than that in other reports.17,19,20 Although the reason 
for the low rate of organ/space SSIs is unclear, the operator 
always tried to remove any remaining dirty fluids in the 
pelvic cavity using position change: it has been reported 
that intra-abdominal pelvic abscesses can be reduced by 
complete irrigation and aspiration using Trendelenburg po-
sition.21
This study demonstrated that open conversion was a pro-
cedure-related risk factor for SSIs. Li, et al.22 reported a 
higher wound infection rate in the conversion group after 
laparoscopic-assisted right colon resection. However, the 
impact of open conversion on increased SSIs is controver-
sial in LA. Piskun, et al.23 reported higher postoperative in-
fectious morbidity in the converted group for perforated ap-
pendicitis. In contrast, Kouwenhoven, et al.24 reported a 
similar SSI rate between a conversion group and a laparo-
scopic group in patients with acute appendicitis. The close 
and subcutaneous tissue of the incision. One of the follow-
ing conditions must also be met: 1) purulent drainage from 
the superficial incision; 2) organisms isolated from an asep-
tic culture of fluid or tissue from the superficial incision; 3) 
at least one of the signs and symptoms such as pain or ten-
derness, localized swelling, redness or heat or superficial 
incision is deliberately opened by the surgeon irrespective 
of positive culture.15 Organ/Space SSI was also defined ac-
cording to the CDC criteria.15
Ileus was defined as any condition with abdominal dis-
tension or pain with nausea or vomiting, which was con-
firmed with a plain X-ray. Postoperative outcomes, such as 
duration of soft diet resumed, and length of hospital stay 
were also analyzed. All perioperative outcomes were com-
pared among three groups: underweight, normal, and over-
weight and obese group. 
Statistical analysis
Categorical variables were analyzed using the chi-square or 
Fisher’s exact test. All statistical tests were performed using 
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). The ex-
act logistic regression analysis for the multivariate analysis 
of factors associated with SSIs was also performed. All p-
values <0.05 were considered to indicate significance.
RESULTS
 
Patients were allocated into either the underweight group 
(n=9, 8.9%), normal group (n=73, 72.2%), or overweight 
and obese group (n=19, 18.8%). Patient demographics and 
perioperative surgical outcomes among the three groups are 
listed in Table 1. Notably, all patients in the underweight 
group were female (p=0.001). However, there were no dif-
ferences in perioperative outcomes including age, Ameri-
can Society of Anesthesiology grade, history of previous 
abdominal surgery, mean of WBC count, operation time, 
open conversion rate, drain insertion rate, appendix size, his-
tologic category, and recovery outcomes among the three 
groups. 
Overall complication rate was highest in the underweight 
group (p=0.037). The rate of superficial incisional SSI was 
44.4% in the underweight group, 16.4% in the normal group, 
and 0% in the overweight and obese group (p=0.006). There 
was no difference in the rate of organ/space SSI among the 
three groups. 
Univariate analysis showed that open conversion and 
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an interesting result because a higher rate of SSIs among 
obese patients is a well-established finding.12 Due to the 
character of Asian populations, our study did not have 
enough patients with a BMI of 30 kg/m2 or more, which 
may have resulted in selection bias. However, being over-
weight (BMI 25.0‒29.9) is also known to be a risk factor for 
SSIs in gastric or colorectal cancer surgery.26,27 Thus, it is 
difficult to attribute the correlation of an underweight BMI 
with SSIs due to the lack of obese patients in our cohort. 
Pessaux, et al.28 demonstrated that being underweight was 
proximity to the abdominal wall during appendectomy 
could be a cause of wound infection.25 There may be a 
higher chance of contacting the abdominal wall in open 
conversion cases, compared to non-conversion cases, in 
LA. Our results reveal that open conversion is a risk factor 
for SSIs in LA. Therefore, surgeons should be more cau-
tious in protecting abdominal incisions, especially in con-
verted cases.
In our study, another risk factor for SSIs was an under-
weight BMI, but not overweight or obese BMI. This was 
Table 1. Comparison of Clinicopathological Results among the Three Groups (n=101)
Underweight (n=9) Normal (n=73)
Overweight and obese 
(n = 19)
p value
Gender   0.001*
    Male          0        41 (56.2)        13 (68.4)  
    Female          9 (100)        32 (43.8)          6 (31.6)
Age (yrs)   0.151
    Mean (SD)     31.7 (13.7)     40.1 (16.8)    44.4 (13.3)  
BMI (kg/m2) <0.001
    Mean (SD)     17.3 (0.6)     21.9 (2.0)    27.4 (1.4)
American Society of   
  Anesthesiology grade
  0.160*
    1          9 (100)        53 (72.6)        11 (57.9)   
    2          0        18 (24.7)          8 (42.1)
    3          0          2 (2.7)          0 (0)
History of PAS          0 (0)          3 (4.1)          1 (5.3)   1.0*
Preop. white blood cell count (/μ)   0.450
    Mean (SD) 13795 (7031) 13446 (3339) 12222 (3510)
Operation time (min)   0.945
    Mean (SD)     61.3 (14.3)     64.1 (26.5)    64.2 (18.8)
Open conversion          0 (0)          5 (6.8)          1 (5.3)   1.0*
Drain insertion          1 (11.1)        21 (28.8)          5 (26.3)   0.653*
Appendix Size (cm)   0.626
    Mean (SD)       6.0 (1.0)       6.3 (1.5)       5.9 (1.5)
Histologic category   0.769*
    AA          2 (22.2)        13 (17.8)          4 (21.1)  
    ASA          3 (33.3)        38 (52.1)          8 (42.1)
    AGA+PA          4 (44.4)        22 (30.1)          7 (36.8)
Soft diet resumed (day)   0.238
    Mean (SD)       1.2 (0.4)       1.7 (1.3)       2.1 (1.4)
Length of hospital stay (day)   0.263
    Mean (SD)       2.3 (1.0)       3.4 (2.3)       3.7 (1.9)
Complications
    Overall          4 (44.4)        12 (16.4)          1 (5.3)   0.037*
    Superficial incisional SSI          4 (44.4)          8 (11.0)          0 (0)   0.006*
    Organ/space SSI          0 (0)          1 (1.4)          0 (0)   1.0*
    Ileus          0 (0)          1 (1.4)          1 (5.3)   0.480*
    Subcutaneous hematoma          0 (0)          2 (2.7)          0 (0)   1.0*
SD, standard deviation; PAS, previous abdominal surgery; AA, acute appendicitis or acute non-specific inflammation; ASA, acute suppurative appendicitis; 
AGA, acute gangrenous appendicitis; PA, perforated appendicitis; SSI, surgical site infection.
*Fisher’s exact test.
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changes the defense system and its function against infec-
tion.30,31 Oh, et al.32 demonstrated that immediate postopera-
tive malnutrition status as measured by the nutrition risk index 
was correlated with wound complications after gastrectomy. 
Therefore, an underweight BMI should be regarded as a 
modifiable factor to decrease infectious complications, as 
recommended by Pessaux, et al.28
In our study, SSI rate in acute appendicitis or acute non-
specific appendicitis was marginally higher than that of oth-
er categories in univariate analysis (p=0.064). However, 
histologic grade did not show any difference of SSI rate in 
multivariate analysis. Because the final pathology was re-
ported after the processing of histologic examinations, the 
pathology could not discriminate the difference of operative 
diagnosis in detail.19 Rather, we believe that clinical diffi-
culties such as edematous appendix or gangrenous appendi-
citis with abscess formation were reflected in the parameter 
of open conversion in our analysis. 
This study has several limitations, primarily related to the 
retrospective study design. We lacked data on certain sero-
logic markers indicative of malnutrition status, such as se-
rum albumin, prealbumin, and lymphocyte counts.33,34 These 
data were inconsistently documented and therefore not reli-
able for analysis. However, this limitation is balanced by 
the following strengths: standardized antibiotics use, LA 
conducted by a single surgeon, and the ability to gather de-
tailed postoperative complications.
In conclusion, our data demonstrate that underweight is a 
risk factor that affects SSIs after laparoscopic appendecto-
my. In order to reduce SSIs, surgeons should be more cau-
tious when operating on underweight patients. 
one of the risk factors for global infectious complications in 
their study of 4718 patients of non-colorectal abdominal 
surgery. Being underweight was also significantly correlat-
ed with SSI, parietal complications, and deep infectious 
complications with or without fistulas in univariate analy-
sis.28 This interrelationship between being underweight and 
the risk for infectious complications may be explained in 
terms of nutritional status. An underweight BMI may re-
flect malnutrition.29 It has been reported that malnutrition 
Table 2. Univariate Analysis of Factors Associated with Sur-
gical Site Infections
SSI, n (%) p value
Gender 0.372
    Male   5/54 (9.3)
    Female   8/47 (17.0)
Age (yrs) 0.486*
    <55   9/78 (11.5)
    ≥55   4/23 (17.4)
BMI (kg/m2) 0.007*
    Underweight     4/9 (44.4)
    Normal   9/73 (12.3)
Overweight and Obese   0/19 (0)
ASA 0.254*
    1 10/73 (13.7)
    2   2/26 (7.7)
    3     1/2 (50.0)
Preoperative white blood 
  cell count
1.0*
    Normal range   3/24 (12.5)
    Above normal 10/77 (13.0)
Operation time (min) 0.731*
    <70   9/76 (11.8)
    ≥70   4/25 (16.0)
Drain insertion 0.325*
    Yes   5/27 (18.5)
    No   8/74 (10.8)
Open conversion 0.027*
    Yes     3/6 (50.0)
    No 10/95 (10.5)
Histologic category 0.064*
    AA   5/19 (26.3)
    ASA   3/49 (6.1)
    AGA+PA   5/33 (15.2)
Appendix size (cm) 0.757*
    <7   8/67 (11.9)
    ≥7   5/34 (14.7)
AA, acute appendicitis or acute non-specific inflammation; ASA, acute 
suppurative appendicitis; AGA, acute gangrenous appendicitis; PA, perfo-
rated appendicitis; BMI, body mass index; SSI, surgical site infection.
*Fisher’s exact test.
Table 3. Multivariate Analysis of Factors Associated with 
Surgical Site Infections
Variables OR (95% CI) p value
Histologic category
    AA 1
    ASA   0.2 (0.0–1.5) 0.152
    AGA+PA   0.4 (0.1–2.3) 0.375
Open conversion
    No 1
    Yes   8.5 (1.2–57.8) 0.027
BMI (kg/m2)
    Others 1
    Underweight 10.0 (2.0–49.5) 0.005
AA, acute appendicitis or acute non-specific inflammation; ASA, acute 
suppurative appendicitis; AGA, acute gangrenous appendicitis; PA, perfo-
rated appendicitis; BMI, body mass index; OR, odds ratio; CI, confidence 
interval.
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